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Top-down Fish Biomanipulation Experiments on Algal Removal Effects. Lee, Sang-Jae, Jae-
Yon Lee and Kwang-Guk An* (School of Bioscience and Biotechnology, Chungnam National
University, Daejeon 305-764)

This study was to test algal removal efficiency by top-down fish biomanipulation
experiments in the laboratory during Agust~ September 2006. We selected eight
candidate fishes for the biomanipulation. We set up the experiments of eight fish-
treatment tanks (3~ 6 fishes) with initial chlorophyll-a concentrations (CHL-a) of 100
~120 pg L' and one control tank including no fish with the same initial CHL-a. All
tanks were maintained water quality of dissolved oxygen (5.3~8.2 mg L™') and pH
(7.4~8.1) in the tests. During the biomanipulation, DO and pH in the treatments
were lower than those of the control, while conductivity increased gradually in the
treatments. Biomanipulation experiments showed that CHL-a increased 13% and 6%
(mean values of 8 fishes) in the controls and treatments, respectively. These results
indicate that algal growth was maintained in the control and fish treatments, but
the rate of CHL-a in the treatments was lower than that of the control. The removal
rates of bluegreens algae decreased 32% in the control, and 20% in treatments (mean
values of 8 fishes) respectively. In other words, bluegreen algae showed greater
growth rate in the fish treatments than the control and this was due to higher nutri-
ents supplied from fish excretions. Overall, simple fish biomanipulation on algal
control was not effective at all in these laboratory tests.
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AR A AEA EHAE Y E (mesh size: 20 um)E 9]
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Fig. 1. Physical and chemical conditions in the fish bioaccumulation experiments. The control had no fish in the tank and

the treatments had various fish species in the tanks.
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$2E YE2F (control)dl|A] HF 25.9°C= =]z
(treatment)®] FHF = 26.0°Ce} w|w3le zpo]E B
o]7] ¢otch(Fig. la). $24L(DOYE H2FolX HF
7.5 mg L, 829 #HF DO= 4.9 mg L7le= vjeh}
Ay 74 <t oF 25mg L A4d £3E Bylon
(Fig. 1b), o]%= ofFoll 23t AbAAw] 9l wjAdEo] &3
718 F7kel o8 3714 AE2] o4 wWEe Aoz
FH . 2] FF pH 7.9, 429 FF pH
772 JeR}(Fig. 1d) 2ol7} 3= Aoz JJehde} g
= (turbidity)= d&FelA FF 9.0 NTU, A el A
HF 12.0 NTUZ Jepdor (Fig. le), o]= o]F i
7t w $A Zviz ddEgE G2y HE A
713 %= % (conductivity 25°C)E 219.3 us cm ?, 8]
AMe 3 2164usem 'S Yeligleon) 7 Sz W
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1) ¥ 2% (Control)

) 2F (control)®] CHL-a= &7]7}F 112ug L telx A
b Fveted AY 3UA 147pg L2 A E 1l
om o] F HA} Fradhs TS vehdlor AF 7dA
= 127 pg L2 Jelgoh(Fig. 2). 83 F2F (Blue-
green algae) ==X Z7]%k 6.6 X 10% cells - mLte|A] Al
¥ 225 7.3%x10%cells - mL'2 FHYAE Hgon o
F AzA AAshe A%E ep 744 4.5%x10°
cells - mL 12 }elydo} (Fig. 3).

2) Z8-o] (Pseudorasbora parva)

FEol7} Fod A#e|A CHL-a: 118~163pg L
oA Wstele Aoz Vel CHL-ax 2713 118ug
L' A A3} Z71sle] AE 394 163ug L'=24] FH)
A& Hylom, AF 494 T A AT o] F MAF
7l AE vehl 798 146ug L2 VR
(Fig. 2a). 50128 CHL-a A|7&2 Autd oz zka
= ARS Bglow 27] AAE -1T%NAM HE A
Hgo] ~23%= JeRt JH3E] ZFAAl o|FIA =
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Fig. 2. CHL-a concentrations in the control and treatments [(a): Pseudorasbora parva and Hemiculter eigenmanni, (b):
Aphyocypris chinensis and Acheilognathus korennsis, (c): Gnathopogon strigatus and Pungtungia herzi, (d):

Rhodeus ocellatus ocellatus and Zacco platypus).

Aoz Alg =gt (Fig. 4a). 3H F2HF= 273t 6.6%
10° cells - mL oA A3 294 6.7 10° cells - mL™ 12
HoAg wlen, o F WA gaske APYE nelw
A 74AE 5.7%x10° cells - mL*& v}elge) (Fig. 3a).
Bpole] F2F AAEE AP0 B3 ke A
S Hol 7] AAE -2%0A HE AALo] 14%
E B3y} dzddA e G2 5ot 3 sl
t Row nol AWHezn Fyold I dxF AA
BIE e Aoz AR HSlvH(Fig. 5a).

3) X8| (Hemiculter eigenmanni)

227t 49 AFeMe] CHL-o:= 273 123 ug
Lol A Ax} Z71ste] Al 3UA 143pug L4 Ho)
A% ngem, ol % Wik aske APYE Yehict 7
A= 125 ug L2 Jeldo}h(Fig. 2a). X|8]9) CHL-a
AZAALE —2%2 vehort dz2e) AAEH v
2F EAAENA 12%28] AAEH} Y Aoz Ye)
o} (Fig. 4a). 88 F2FE 2717 6.7 x 10° cells -
mL oA AE 294 7.3x10%cells - mL'2 A=

Bylon, o]F A} Ftasie AFAE HeldM TUA
5.1x10% cells - mL'2 JePgoh(Fig. 3a). x|g]] F=
T AAES AvbH oz Azl FU8He AP Ry
W HF AAEe] 24%2 e o A 2FolAe] Ex
7o w27t 7 Fadhe Hom Mol AAXozm 3
ol o8t G2 F AA £ g Aoz AR FHYY
(Fig. 5a).

4) 9 E7 (Aphyocypris chinensis)

R EN7} Fod¥l A CHL-a= 2713} 125ug L
oA A 294 137ug L'2A FHUAE Hylon, o
F FE3) sk A Belopr) 6UA &F F718)
Rovt 79A 108ug L'z Hebge (Fig. 2b). &0
27] AAE -10%2 233 CHL-a7} 275t 242
ugort oF A3 gashe Aoz whel H% A
Age 1372 839 AFANZ SN AT ¥ A
AEdE BA9(Fig. 4b). A Fxfi+= 2713 6.6x
102 cells - mLte|A] A& 395 7.5%x10° cells - mL1&
Mo depda, o F A2 Aade AP4E Belw
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Fig. 3. The fluctuations of bluegreen algae cell number (cells - mL™). Ditto with Fig. 2.

A TAHA 4.9%10% cells - mL'2 Jeldo}(Fig. 3b). )
29 daf AAES AWAoe A3 Fobee A%
e 27 AAE -8%olM HF A ALe) 26%=2 e}
wovt oM FxFe sl 3 gaste A
o2 ol AYHoz HEAAel B s AA w3t
= 9= Aoz AsHY)(Fig. 5b).

5) Z'd A5 (Acheilognathus korennsis)

ZdAF7E Bl AgelM CHL-a: 2713t 120 g
LA A3 3d4 139ug L'2A FHUxE noloen,
AY 5dA 122pg L2 Zasldeirl ol & oAl 27}
3te] 79A 132pug L2 JeRgTh(Fig. 2b). Z2galse=
27] AAE -10%M #F AAL] -10%2 e}
%z A7 x27h A gl Aoz Alm Ao Fig 4b).
3 F2FE 277 7.2x10° cells - mL7A] 7UA
+ 4.6%x10°% cells - mL'2 4377} W st 7214 =
ol& VehisicH(Fig. 3b). BRAT das AA e
Aoz A3 F)5ke APde eplgen 27
AAE 1%ANX HFE A7 Ee) 37%2 Jehtor}t Pz
ZoA e Fx2Fe] w=rt A Faste Aoz Bof

ARdH oz AGRFe 23 FxfF AA A 79
9= Aoz At ¥} (Fig. 5b).

6) ZE7) (Gnathopogon strigatus)

ZE7071 T8 AHelr CHL-o: Z7)3t 122ug
LA E4¢ 140pug L1124 HHXE Bgor, o|F
AY 5dA7EA] Ax} Fad oA Frlste] TdAE
138ug L= vehdth(Fig. 2¢). 28719 CHL-a2] A|A
L2 27 -15%0|M FFHo=2 -14%S Mol XA
A &3t g Aoz vehdth(Fig. 40). 38 d2F+
2713k 7.9%x10% cells - mLle|A] o] & &3] 714}
AE 5A48 4.5x10% cells - mL'=2 7} -2 718 29
o1}, o] & tiAl Z7}ste] 7UAE 6.0 x 10° cells - mL?
2 Pt} (Fig. 3c). 2709 F&2fF AAES A
o2 Az} Zrbshs RS vyon 27| AAE 5%l
A #F AAEe] 26%2 et oy dzdelre] dx
7o 557t 37 Fadhe Zleg Hel AAXoz F
Ehe) gt FE2F AA 2R dE e AlRE
o} (Fig. 5¢).
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Fig. 4. Removal rates of CHL-c in the control and treatments. Ditto with Fig. 2.

7) E37) (Pungtungia herzi)

E37)7} Fod5l Age)A CHL-ax= 273k 115ug L!
oA A 294 147ug L1248 HYXE ngon, o
F Az} gtaste] A 5UA 108pug Ll=a) AR
2ot oAl Flsle] 74AlE 120 pg L2 el
o} (Fig. 2¢). 3271¢] CHL-a®] AALEL %7 —27%9)
A HEHor —4%2 eh) BxAA &3t A9 g
= Aoz yehdd (Fig. 40). 38 F=F= 27|13 75
X 10% cells - mLell A xR oz 7hasid) 5d5 =9
T 5.6%x10° cells - mL 12 71 & zke ehton],
o] ] Zylsle] TUAE 5.9%10° cells - mLlg 1}
et (Fig. 3¢). 22719 22% AALL Aubdos
A ke A%e Bgen 27 AAE 14%004
HEF A7Ee] 21%2 Jepgon} dizZelAe] das
9 =7t A Aase Aoz Mol AAAozr Ev
Z1ell 2 F2F AA &9 ¢ Aoz AsmdHgq
(Fig. 5¢).

8) 312325 (Rhodeus ocellatus ocellatus)
&3/ Fo99 A CHL-a: 2713k 120 ug
L7ellA Alg 297 141pg Llz4] HYAS Bgon,

ol & Mx} Zhadh= AE Jehiivh 7UAE 115ug L
2 vehde (Fig. 2d). 3&dE7/09 CHL« HF AAE
£ 4% VePdo) (Fig. 4d). 318 d27+ 2713 7.0%
102 cells - mLte|A] Ax}R o=z 7hisl= AL 1Y
o] A¥ 5UA 55%10%cells - mL 1=z 2 745 1jE}

W3, o]F v]2 7rAsle] 7AlE= 5.2x10° cells - mL™!
2 et} Fig. 3d). A&3EMNY d2=7 AAEE A

Aoz At Frlele A Hygen HE A AL
25%2 vehtort 2ol F2Re F=rl 7
Aadte Aoz ol AdHoz HadEild o3
EF AA 23 g Aoz AlEH S (Fig. 5).

9) ¥ 2} (Zacco platypus)

¥2u)7t Fo® AP CHL-ox: 2713k 119 pg
Lo A 5GA7A] AF oz 27 HAE ke &by
97F AF 644 133ug L'24 HuXE Hgon 7Y
A= 130ug Lz vehdoh(Fig 2d). 9)ghu]e] CHL-a
o] AAEL 27 -8%A HFHoz -9%= et
(Fig. 4d). 38 JFx2EX =77k 7.2 x 10 cells - mL o]
A AR oz FHadhe s JET Ad 47 6.6
X 10°% cells - mL'2 Hu23 BHgow, o]F HxHo
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Fig. 5. Removal rates of bluegreen algae in the control and treatments. Ditto with Fig. 2.

2 3718l 7dA= 8.1%x10° cells - mL 2. vjephdo}
(Fig. 3d). F|2}m) 9] H=xF A7 T35 AP glo]
27] AAL 1% HAF AA L] -12%=2 Jehto
o dx2F AAZHA7} v)u)g Aoz Yyl (Fig. 5d).
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d7ellA ©1F-2] Top-down 2HAHe] 27t =
% F2F Al ade gxFea] vebdAul Auk

=3 mu|R Aoz vehl FAtx A} Ed
T Ao oEle Aoz AsIUo T 53
o]de oFE o437 AFAA(F F, 2001; HHR,
2005)¢= & 959 79 Top-down FAo] <3k
cascading 7Md-& AT vy} glied g dFM:
=Sdg &38 29 ®} 9 ok (Richters 1986; Starling,
1993; Prokopkin et al., 2006). o573 A& (fish treat-
ment)-> 27 (control)el] ¥]E] L£EXA(DO), 4240)
SEE0HE Aaslgder AVAdER 9 gxe] 42X
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EIE sk Aoz, AP AFes S w4
& ApA Ak 859 AfE AAsSHH dxw
2 9 oJFAHE T £26~6 MNANY $=2a(CHL-a)
27] EE 100~120pg L2 wAsgdon] &2
53~82mg L, &4 o] &% et pH 74~81% 44|
Aok A7 ¢ AR A 2o AT
Faol et dage vid @A S49 bl A71A
Exe gAMez Fshs #2118 Bt ¢ A
3 ol FAE| 2] CHL-a: 47t 13%, 6%2 F7}ste] o
A 272 Aol o]Foii gla-& Bylo, o FAz
A CHL-a 2742 dxZoA B2} ¥ ey,
dzz3 o FA 2 dx2ie 47 32%, 20% F2E
Bom, d2F AFEL dzIre o]FA el
A vt ole ofF WiAdEe % YR F
7t2 Qg Aoz Al by & 72 ofF
zal] A& 2FAA &3 A9 d Aoz ek

A A

B d7E Y HA olFe] =29 F2iA o
Top-down 2A7|H& o4 FHEAFA 43 7]
W e dgto s SEglS.
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